Purpose
The purpose of this pilot study is to investigate the utility of, and areas of refinement for, digital photography as an educational tool for food logging in obese patients with type 2 diabetes (T2DM).
Methods
Thirty-three patients aged 18 to 70 with T2DM, body mass index at least 30 kg/m 2 , and A1C 7.5% to 9% were recruited from an endocrinology clinic and randomized to a week of food logging using a digital camera (DC) or paper diary (PD), crossing over for week 2. Patients then viewed a presentation about dietary effects on blood glucose, using patient DC and blood glucose entries. Outcomes of adherence (based on number of weekly entries), changes in mean blood glucose and frequency of blood glucose checks, and patient satisfaction were compared between methods. Patient feedback on the DC intervention and presentation was also analyzed.
Results
Thirty patients completed the study. Adherence was identical across methods. The mean difference in number of entries was not significant between methods. This difference increased and neared statistical significance (favoring DC) among patients who were adherent for at least 1 week (21 entries, with 2 entries per day for 5 of 7 days, n = 25). Mean blood glucose did not significantly decrease in either method. Patient satisfaction was similar between interventions. Feedback indicated concerns over photograph accuracy, forgetting to use the cameras, and embarrassment using them in public.
Conclusion
Although the DC method was comparable to PD in adherence, blood glucose changes, and patient satisfaction in this pilot trial, patient feedback suggested specific areas of refinement to maximize utility of DC-based food logging as an educational tool in T2DM. E ducational interventions focusing on dietary modification in type 2 diabetes (T2DM) have been associated with improvements in nutrition knowledge, 1,2 quality of life, 3 cholesterol profiles, 4 glycemic control, 2,5,6 and weight loss. 2, 3 Dietary self-monitoring is often a component of these successful interventions, as it provides an opportunity for self-evaluation and motivation for changing behavior. 7, 8 Historically, paper diaries (PDs) have been the most common means of dietary self-monitoring. 9 Strict adherence with PDs has only ranged from approximately 45% to 55% by 8 to 24 weeks, [10] [11] [12] likely due to the fact that patients often find this method tedious and difficult to accurately maintain over time. 12, 13 Recent studies have used technology-based replacements for PDs, such as personal digital assistants (PDAs), Internetbased tools, and cellular phone applications. 11, [14] [15] [16] [17] These interventions have often shown improvements over PDs in adherence, 11 patient satisfaction, 15 glycemic control, 15 and/or accuracy. 16 However, they may still have some limitations. First, they are often costly to design or use and may not be easily adapted for certain patient populations (including the elderly and poorly educated, who may have difficulty reading, using, and accessing the technology). 18, 19 Second, these methods often use written or verbal feedback to augment understanding and selfevaluation, and visual feedback may be preferable. Visual feedback may improve many patients' abilities to recall prior lessons for use in future situations. 20 In addition, self-regulatory and social cognitive theories suggest that for an educational tool to influence sustained behavioral change, patients need to (a) see pathways for improvement through self-evaluation within concrete settings and (b) see a potential relationship of the observed behavior with downstream consequences. 21, 22 Digital camera (DC) photographs for food logging, when linked to postmeal blood glucose readings, may provide powerful, concrete opportunities for self-evaluation of dietary effects on blood glucose for patients with diabetes. Results from previous studies show that combining images with written or verbal information (such as DC-based food logging and corresponding blood glucose values) results in increased retention, 23, 24 understanding, 25, 26 and future problem solving 23, 24, 26 compared with written or verbal information alone. Despite a theoretical basis and promising results from these studies, digital photography for food logging has not been thoroughly studied in obese patients with T2DM. A short 10-patient pilot study in patients with T2DM suggested that patient satisfaction and comfort with photography-based food logging are high. 27 Small studies in general adult and pediatric populations similarly lend support that photography is preferable, 28, 29 of comparable accuracy, 28, [30] [31] [32] reliable, 33 and easier to use 27, 28, 34 compared with traditional food logging methods such as PDs.
The present pilot study aimed to assess the utility of DC-based food logging as a patient educational tool by first examining weekly adherence, associations with changes in mean weekly blood glucose and frequency of glucose checks, and patient satisfaction, using PDs for comparison. Second, the authors aimed to understand possible areas of refinement for the DC intervention by analyzing participant feedback on (a) their experiences with the digital cameras and (b) a presentation on the effects of diet on blood glucose values using patients' digital photographs and pre-and postmeal blood glucose values.
Methods

Research Design
This was a 2-week, single-center, randomized crossover pilot study. Eligible patients who completed enrollment procedures were randomly assigned to a week-long DC or PD intervention first, crossing over to the other intervention for the second week. The main advantage of the crossover design is that each subject serves as his or her own control, obviating the need for a separate control group. This eliminates potentially problematic variability between groups and decreases the necessary sample size. 35 The primary disadvantage is a potential "carryover," or treatment sequence effect, which can be addressed via a washout period or by analytic methods (used in this study). 36 
Recruitment Procedures
Patients were recruited from 1 university-based endocrinology clinic in Ann Arbor, Michigan, which is staffed by physicians, podiatrists, nutritionists, and diabetes educators. The patient population served by the clinic is racially, ethnically, and socioeconomically diverse. The research protocols were approved by the University of Michigan Institutional Review Board, and all participants provided written informed consent. From January through March 2013, adult patients aged 18 to 70 with T2DM and an upcoming routine clinic visit were initially identified through electronic medical records. Patients were approached if they met the following additional inclusion criteria: (1) body mass index (BMI) of at least 30 kg/m 2 and (2) an A1C between 7.5% and 9% at the current clinic visit or within the past 6 weeks if not measured. Exclusion criteria were (1) pregnancy, (2) no or limited Internet access (to complete surveys on each intervention), and (3) severe physical or psychiatric conditions precluding adherence to the study protocol.
As shown in Figure 1 , 542 patients were identified by electronic medical records as potentially eligible. Of these, 438 patients did not meet the additional inclusion criteria, due to either out-of-range or unavailable BMI (n = 92) or A1C (n = 346). An additional 71 patients met all inclusion criteria but declined or were unable to be approached. In all, 33 eligible patients completed enrollment procedures and were randomly assigned to the DC (n = 17) or PD (n = 16) intervention first.
Digital Camera Intervention
Patients were provided with a ViviCam 46™ (Vivitar, Edison, New Jersey) digital camera for 1 week of the study. This camera was selected because of its affordability (manufacturer's suggested retail price approximately $25) and simple interface. During the appropriate week, patients were instructed to take pictures, from approximately 2 feet away, of all meals and snacks before consumption and to verify that each picture turned out clearly before consuming the meal. Patients tested the camera before beginning the study and were able to contact the authors for troubleshooting. Memory cards and batteries were also provided, allowing patients to use the camera as much as was necessary to log all meals and snacks for the week. Time stamps were automatically recorded for each picture.
Paper Diary Intervention
Patients were also provided with several paper diary forms for the other study week. Patients were instructed to record all meals and snacks within circles representing "plates." They also filled out the day of entry on each page and the time of consumption under each plate. The authors provided patients with detailed examples before study initiation and ensured that all of their questions were answered.
Across both study weeks, patients were told to continue checking their blood glucose in their usual fashion. Fifty glucose testing strips compatible with their meter were provided to each patient to ensure adequate supply for the study. They were told that the values and timing of their blood glucose readings may be used with their food entries in an anonymous educational opportunity at the end-of-study presentation (see below).
Digital Camera Presentation
After completion of the 2 study weeks, patients returned to the endocrinology clinic to view a 1-hour presentation primarily focused on the effect of diet on blood glucose, given by an endocrinologist. The first component of the presentation included an overview of diabetes and diabetes care, including the role of dietary selfmonitoring. The second component used patients' anonymous meal and snack photographs, accompanied by preand postmeal blood glucose values. Representative photographs were considered for the presentation if they were accompanied by premeal and postmeal blood glucose readings within approximately 2 hours of meal consumption. A schematic of the slides used (with a photograph that was not taken by a patient) is shown in Figure 2 . The presentation also included well-balanced examples of meals and snacks with associated pre-and postmeal blood glucose values, as photographed by the patients.
Measurement Strategy
Demographic and clinical characteristics were assessed at baseline from review of electronic medical record data and were confirmed with each patient.
Adherence rates for each DC and PD week were categorized as strong adherence (SA) if there were at least 21 entries (eg, photographs or diary entries, depending on the week), with at least 2 entries per day for all 7 days. Mild adherence (MA) was defined as at least 21 entries, with at least 2 entries per day for 5 of 7 days. Overall adherence for each intervention was defined as the sum of those attaining SA or MA for the intervention. A minimal participation (MP) subgroup excluded patients who were not at least mildly adherent for 1 study week. The number of weekly entries across each week was collected, and the following entries were excluded: blurry photographs, PD entries for meals that were 3 words or less, and entries that were only beverages (as patients were not explicitly instructed to do this). Short-term glycemic control was assessed by change in mean blood glucose values and frequency of blood glucose checks across 3 weeks: week 0 (the week before study initiation), study week 1, and study week 2.
After each of the 2 study weeks, patients completed an identical anonymous Internet-based survey of 4 questions using a 9-point Likert scale, assessing patients' satisfaction, enjoyment, perceived ease of use, and enthusiasm for continuing each intervention. Each survey also included a write-in section allowing patients to submit feedback on the intervention they had just completed. After the digital camera presentation, patients completed a third anonymous survey of 2 questions assessing understanding of presentation content and their perceived future utility of DC-based food logging, plus a write-in section.
Analytic Strategy
Randomization was carried out to achieve balance across the pretreatment variables age, A1C, BMI, gender, and insulin use. 37 Quantitative comparisons of interest between DC and PD interventions included adherence rates; mean weekly food entries, blood glucose, and frequency of glucose checks; and Likert scale responses on satisfaction surveys. Adherence rates and mean differences in weekly entries between methods were compared using McNemar's test for categorical outcomes and paired t tests for continuous outcomes. To determine independent associations between each logging method and the outcomes of (a) mean weekly blood glucose values (based on all readings recorded by patients) and (b) frequency of blood glucose checks, multivariate analyses were conducted using generalized estimating equations 38 to account for the repeated measures within subjects. These models also controlled for treatment sequence and for the day within the week using a linear trend. The distributions of Likert scale survey responses for a given intervention were similar across the 2 study weeks, so summary statistics were generated by combining weekly responses for each question by intervention. To determine recurring themes and areas of refinement for the DC intervention, data from the write-in portion of the DC survey are presented as a qualitative analysis derived from coding of the feedback. Data from the postpresentation survey are presented as median and interquartile range of Likert score responses for the 2 questions plus illustrative comments submitted in the write-in portion. Statistical comparisons, when made, were conducted with ActivePython 2.7 (ActiveState Software, Vancouver, British Columbia) 39 and SAS version 9.3 (SAS Institute, Cary, North Carolina) 40 with 2-sided tests at a .05 significance level.
Results
Characteristics of the Study Participants
Participants' ages ranged from 31 to 70 years with a mean age of 55.8 years (standard deviation = 9.0 years). Fifteen (45.4%) of the 33 participants were women. Characteristics of participants in the DC-first group did not differ significantly from participants in the PD-first group (Table 1) . One patient each in the DC-first and PD-first group dropped out of the study before its initiation. One additional patient in the PD-first group dropped out at the beginning of the second week and was lost to follow-up, yielding a total of 16 patients in the DC-first group and 14 patients in the PD-first group whose data were available for paired analysis, as shown in the CONSORT 41 diagram (Figure 1 ).
Food Logging Adherence
As shown in Table 2 , overall adherence (SA+MA) was 60.6% for both methods. On average, participants recorded more weekly DC entries than PD entries, but the difference was not significant ( 
Blood Glucose and Frequency of Blood Glucose Checks
Compared with baseline, mean weekly blood glucose values decreased under both methods, but the change was not statistically significant from baseline or between interventions (adjusted change for DC -5.8%, P = .11; PD -5.0%, P = .14). Both methods significantly increased frequency of blood glucose checks from baseline (adjusted change for DC 53.0%; PD 51.1%, P < .0001 for both), but the extent of the change was similar between methods ( Table 2) . Changes in mean weekly blood glucose and frequency of blood glucose checks were not significantly different between methods on subgroup analyses of SA and MP patients only (not shown).
Patient Satisfaction Scores
Quantitative results of the postintervention patient satisfaction surveys are shown in Figure 3 . The median responses were similar for each question and across each intervention and approximately corresponded to "somewhat agree" to "agree" (7 DC vs 7 PD, 7 vs 7.5, 7 vs 6, and 6 vs 6). Patients slightly favored the PDs for their ease of use (7 vs 7.5) but slightly favored the digital cameras for which intervention was most fun (7 vs 6). For most of the questions across each intervention, patients' ranges of responses were consistent, with the exceptions of "I was satisfied with this intervention" (interquartile range 5 DC vs 2 PD) and "I would continue to use this intervention" (range 6 vs 9). Table 3 shows themes recurring at least twice through the coded write-in comments on the DC surveys. Of the 20 comments submitted, the most common theme (n = 7) was concern about accuracy of the photographs. Since patients were expected to take pictures before consuming the meal, many were concerned that this does not accurately represent the quantity actually eaten. There was also concern that without ability to annotate the photograph, it is hard to depict the specific characteristics of the meal or snack (eg, they may not receive credit for eating "low-fat" or "light" foods). Forgetting to take photographs and forgetting the camera were also common experiences. The former seemed to be a particular problem with snacks and the latter when dining out. Some participants also experienced embarrassment when using the digital cameras at a restaurant and difficulty using the camera. Comparisons are for each intervention relative to baseline using generalized estimating equation modeling controlling for treatment sequence effect.
Participant Feedback for the DC Intervention
Participant Feedback for the DC Presentation
The median Likert scale responses to the 2 survey questions shown in Table 4 corresponded to "agree." Overall enthusiasm for the presentation was high. Comments demonstrated that many found the presentation to be helpful and motivating. Many comments during the presentation itself and on the survey called particular attention to the use of the photographs to demonstrate the effect of diet on blood glucose (Figure 2 ).
Conclusion
This preliminary pilot trial provides several important lessons on the potential utility of digital cameras as an educational tool for dietary self-monitoring in T2DM. The DC adherence rate, while identical to the PD intervention and consistent with other methods in the literature, [10] [11] [12] was lower than expected for a short study. This may be explained, in part, by the participants' feedback on the DC intervention. Patients, especially those who are overweight, are often concerned that their health care provider attributes excess weight or other health problems to personal flaws such as laziness and ignorance. 42 Patients may feel that meal photographs, without an accompanying opportunity for further explanation of the food, may exacerbate this type of perceived judgment. Patients should therefore be given an opportunity to annotate their entries in a way that is sustainable for the long term. This may begin with encouraging elaboration of each entry during visits with their nutritionist, diabetes educator, or clinician, but using a voice-recorder may also be worthwhile. Such technology has already been developed and has shown encouraging results, based on the results of a small pilot study in Australia. 27 Patients were not instructed to take postconsumption photographs for this study, as the focus was not to document or calculate intake. However, adding such photographs may allay patient concerns over premeal photographs being used in isolation, as well as provide additional educational opportunities on portion sizes of meals.
Some patients also felt they were being judged by the public when using the cameras at a restaurant. In addition, many patients forgot to bring their camera to restaurants. These findings suggest that a more subtle, easier to remember device should be considered. A cellular phone may be a viable option, as patients carry it with them regularly and most phones have photographing capabilities. This technology is also readily available and has been studied, 17, 33 but not systemically in patients with T2DM. This adjustment, in addition to allowing patients to annotate their entries, may significantly increase their DC use. Based on the subgroup analyses presented, this may more conclusively demonstrate an increase in entries compared with PDs and consequently maximize the potential benefits.
The changes in mean weekly blood glucose and frequency of blood glucose checks were comparable between DC and PD interventions. However, the unique ability of the digital cameras to provide visual and concrete feedback Table 3 Participant Feedback for the Digital Camera Intervention
Theme n a Examples
Concerned about accuracy (quantity actually eaten and/or content) 7 "One thing that appears to be missing, is a way to track what you actually eating. For example, one day for lunch I ordered a turkey reuben and fries.
In the end, I only ate 1/2 of the sandwich and 1/2 of the fries." "I did not know what to do if I photographed a meal and then did not eat it all." "Pictures do not tell the whole story such as portion size, hidden condiments, healthiness of the food, or be unrecognizable as to what the food actually is." "I do not feel that the pictures give an accurate portrayal of what a person is eating because you can't tell from a picture if someone used light food or fat free food or what." Had camera but forgot to take pictures 4 "I found it difficult to take picture of absolutely everything that went into my mouth all the time." "It was hard to take a picture of snacks. Sometimes I would grab a handful of something not even thinking about it." Did not bring camera 6 "It is difficult to remember to take camera with me and to remember to take picture before eating." "A couple times I . . . left the camera at home." "It is difficult to have the camera handy at all times due to variable schedule and location." "This might work if you used a camera such as one that you carried with you normally but it doesn't with one that is carried around as a special effort. Too hard to have it with you for every snack and when you eat out." Embarrassment taking pictures while out 2 "I would never use the camera method. People are looking at you when you are out to eat." "I felt really weird taking pictures of food in restaurants." Difficulty operating camera 2 "I found that sometimes, I took pictures of the surroundings when I was trying to review what the camera had taken." "I had some issues with the supplied camera that caused me to miss one entry." a Numbers represented below are from the 20 total responses submitted for the question "Comment on any negative aspects of the intervention or problems that arose during your week." Numbers are not mutually exclusive as respondents may have contributed to multiple themes. may at least partly explain the favorable response to the presentation. Feedback reinforced the potential power in using the patients' digital photographs as a teaching strategy about the effect of food choices on postmeal blood glucose values. Such exercises should be an integral part of digital camera-based food logging in the future.
There did not appear to be a meaningful difference in patient satisfaction between interventions. This is in conflict with prior studies assessing patient satisfaction of camera-based versus paper diary-based food logging. [27] [28] [29] 34 This may be at least partly explained by the concerns voiced in patient feedback of the DC intervention. In addition, some prior pilot studies were shorter than the present study, 27 which may not adequately allow patients to develop a complete opinion of the intervention.
The present study has important limitations. The sample size was small and the follow-up period was short. This study therefore may not allow generalizability for the entire population of patients with T2DM or for longer interventions. However, randomization was successful across various characteristics, and there was no evidence of nonrandom dropout across the methods, suggesting that the results are unlikely to be significantly biased. Second, the measurement of adherence in this study used criteria based on number of entries rather than weighted caloric intake. Previous studies have also used number of entries or "days used"-based criteria for adherence, 10, 12 and accurately measuring caloric intake was not possible given limited resources. Given the heterogeneity in adherence definitions in the literature, caution should be taken when directly comparing adherence in this study to that in previous work. In addition, interpretation of the clinical endpoints in this trial, including adherence and effect on glycemic control, should be interpreted in the context of a preliminary, "proof of concept" pilot trial. The authors plan to conduct longer studies to reassess logging behavior in a time frame consistent with previously published reports as well as assess effect on glycemic control by more stable markers such as A1C. Finally, the quantitative components of the patient satisfaction surveys (eg, Likert scale responses) were not compared using statistical testing because the surveys were erroneously anonymized before responses could be paired across weeks. In addition, there was 1 extra survey submitted after week 1 in the DC-first group, and it was unclear when the extra survey was filled out. The data presented in this report dropped the survey whose responses were closest to the mean for each question. However, alternatives such as dropping the last survey submitted and the most DC-favorable survey (to bias toward the null) yielded negligibly different results that would not have changed inferences.
Implications for Practice
Among obese patients with T2DM, DC-based food logging was comparable to PD-based food logging in terms of adherence, change in blood glucose and frequency of blood glucose checks, and patient satisfaction Results and Feedback for the Presentation Using Participants' Digital Photographs
Question
Result (n = 29)
"I have a better understanding of healthy and unhealthy food choices after this presentation." 7 (6-8) a "I think this presentation will help me make smarter food choices in the future." 7 (6-8) a
Comments on the presentation b "Presentation was very positive and informative." "Great ideas in this presentation." "A good recap and hopefully it will recharge my desire to eat better." "I think there could have been more examples of good balanced snacks or meals." a Data are presented as median (interquartile range), assessed on a 9-point Likert scale with 1 -2 = strongly disagree, 3 -4 = somewhat disagree, 5 -6 = somewhat agree, 7 = agree, and 8 -9 = strongly agree. b Illustrative comments were selected to be presented at right.
in this randomized, crossover pilot trial. However, patient subgroups that (a) included only those who were strongly adherent for both study weeks or (b) excluded those who were not adherent for at least 1 week of the study trended toward using DC for food logging more often. Patient feedback of the DC intervention and DC presentation provided several important areas of refinement in order to maximize the educational value and patient use of this novel intervention. Integration of methods to annotate photos and perhaps finding a more subtle and easy-toremember medium for taking food photographs will likely decrease perceptions of judgment and embarrassment as well as decrease the frequency of patients' forgetting to record entries. To further prove and refine the concept of DC-based food logging in this population, larger trials with longer duration of follow up-including assessment of glycemic control markers before and after the presentations-should be performed. It would also likely be worthwhile to gain more patient feedback through focus groups and interviews. In addition, future studies could address the usefulness of this approach as a component of diabetes self-management education or diabetes self-management support interventions to help patients understand the impact of food on blood glucose using concrete visual examples.
